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I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

J Christopher Grimaldi 
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J. Christopher Grimaldi 

1434.36 th Ave, 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team eff ort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 

Scientist DNAX Research Institute, Palo Alto; 9/9 1 to 1/99 

Involved in multiple projects aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical, staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 -7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89, 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(8;14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 
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Correlation between Protein and mRNA Abundance in Yeast 

STEVEN P. GYGI, WAN ROCHON, B. ROBERT FRANZA, and RUEDI AEBERSOLD* 
Department of Molecular Biotechnology, University of Washington, Seattle, Washington 98195-7730 

Received 5 October 1998/Returned for modification 11 November 1998/Accepted 2 December 1998 

We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillary liquid chromatography- tandem mass spectrometry (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated from serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M. A. Basrai, D. E. Bassett, Jr., P. Hieter, B. Vogelstein, and K. W. Kinzler, Cell 
88:243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of differential 
display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of posttranscrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26), has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as well as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference 11) and 
the transcriptome of Saccharomyces cerevisiae (35), which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-polyacryl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (1, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast S, cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant correlation is insufficient for predic- 
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FIG. 1. Schematic illustration of proteome analysis by 2DE and mass spectrometry. In part I, proteins are separated by 2DE, stained spots are excised and subjected 
to in-gel digestion with trypsin, and the resulting peptides are separated by on-line capillary high-performance liquid chromatography. In part II, a peptide is shown 
eluting from the column in part I. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadrupole mass filter allows only the specific mass-to-charge ratio of the selected peptide ion to pass into the collision cell. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random but occurs mainly at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series are recorded simultaneously, one each from sequencing inward from the N and C termini of the peptide, respectively. In part III, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
analysis because multiple peptides are identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be very challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for all experiments was YPH499 (MATa ura3-52 fys2-801 ade2-101 
leu2-bl his3-A200 trpJ-A63) (30). Logarithmically growing cells were obtained by 
growing yeast cells to early log phase (3 x 10 6 cells/ml) in YPD rich medium 
(YFD supplemented with 6 mM uracil, 4.8 mM adenine, and 24 mM tryptophan) 
at 30°C (35). Metabolic labeling of protein was accomplished in YPD medium 



exactly as described elsewhere (4) with the exception that 1 ml of cells was 
labeled with 3 mCi to offset methionine present in YPD medium. Protein was 
harvested as described by Garrels and coworkers (12). Harvested protein was 
lyophilized, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -80°C. 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor II; Pharmacia Biotech). Immobilized 
polyacrylamide gel (IPG) dry strips with nonlinear pH 3.0 to 10.0 gradients 
(Amersham-Pharmacia Biotech) were used for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidet P-40, 10 mM dithiothreitol), and 250 
to 380 til of solution was added to individual lanes of an IPG strip rehydration 
tray (Amersham-Pharmacia Biotech). The strips were allowed to rehydrate at 
room temperature for 1 h. The samples were run at 300 V-10 mA-5 W for 2 h, 
then ramped to 3,500 V-10 mA-5 W over a period of 3 h, and then kept at 3,500 
V-10 mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 kV * 
h), the IPG strips were reequilibrated for 8 min in 2% (wt/vol) dithiothreitol in 
2% (wt/vol) SDS-6 M urea-30% (wt/vol) glycerol-0.05 M Tris HC1 (pH 6.8) and 
for 4 min in 2.5% iodoacetamide in 2% (wt/vol) SDS-6 M urea-30% (wt/vol) 
glycerol-0.05 M Tris HC1 (pH 6.8). Following reequilibration, the strips were 
transferred and apposed to 10% polyacrylamide second-dimension gels. Poly- 
acrylamide gels were poured in a casting stand with 10% acrylamide-2.67% 
piperazine diacrylamide-0375 M Tris base-HQ (pH S.S)-0.1% (wt/vol) SDS-0.05% 
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FIG. 2. 2D silver-stained gel of the proteins in yeast total cell lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometry and database searching. The spots are labeled on the 
gel and correspond to the data presented in Table 1. Molecular weights are given in thousands. 



(wt/vol) ammonium persuIfate-0.05% ITEMED (N^^V'^'-tetramethylethyl- 
enediamine) in Milli-Q water. The apparatus used to run second-dimension gels 
was a noncommercial apparatus from Oxford Glycosciences, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (constant)-500 V-85 W for 20 min, followed by 200 mA (constant)-500 
V-85 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and silver stained according to the procedure of Shevchenko 
et al. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels. In-gel tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
crocapillary LC-MS with automated switching to MS/MS mode for peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2; 250,514 protein sequences) (24a) by using the 
computer program Sequest (8), which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-correlation scores. All protein 
identifications were verified by comparison with theoretical molecular weights 
and isoelectric points. 



mRNA quantitation. Velculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as described herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single tag 
is usually generated from each mRNA transcript in the cell which corresponds to 
15 bp at the 3 '-most cutting site for Nlalll. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per cell (16), this would represent 
a 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72% probability of detecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide se- 
quence, and performed the calculation as described by Velculescu and coworkers 
(35) was written. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF), (ii) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in the 
frequency tables, or (iii) identical putative SAGE tags were present for multiple 
genes (e.g., TDH2_ YEAST and TDH3_ YEAST). 
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TABLE 1. Expressed genes identified from 2D gel in Fig. 2 TABLE 1— Continued 



Mo! wt 


Pi 


Spot no. 


YPD oene 
name" 


Protein 
abundance 
(10 3 copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


17,259 


6.75 


133 


CPR1 


15.2 


61.7 


0.769 


18,702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


18,726 


4.44 


147 


YKL056C 


61.2 


88.4 


0.831 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


19,108 


5.04 


130 


YLR109W 


94.4 


9.7 


0.680 


19,681 


9.08 


136 


ATP7 


11.0 


NA^ 


0.246 


20,505 


6.07 


111 


GUK1 


16.5 


3.7 


0.422 


21,444 


5.25 


148 


SARI 


5.4 


10.4 


0.455 


21,583 


4.98 


95 


TSA1 


110.6 


40.1 


0.845 


22,602 


4.30 


80 


EFB1 


66.1 


23.8 


0.875 


23,079 


6.29 


112 


SOD2 


12.6 


2.2 


0.351 


23,743 


5.44 


137 


HSP26 


NA* 


0.7 


0.434 


24,033 


5.97 


96 


ADK1 


17.4 


16.4 


0.656 


24,058 


4.43 


143 


YKL117W 


29.2 


10.4 


0.339 


24,353 


6.30 


140 


TFS1 


8.1 


0.7 


0.146 


24,662 


5.85 


99 


URA5 


25.4 


6.0 


0.359 


24,808 


6.33 


97 


GSP1 


26.3 


5.2 


0.735 


24,908 


8.73 


122 


RPS5 


18.6 


NA C 


0.899 


25,081 


4.65 


81 


MRP8 


9.3 


NA C 


0.241 


25,960 


6.06 


116 


RPE1 


5.8 


0.7 


0.372 


26,378 


9.55 


127 


RPS3 


96.8 


NA C 


0.863 


26,467 


5.18 


100 


VMA4 


10.5 


3.7 


0.427 


26,661 


5.84 


98 


TPI1 


NA* 


NA C 


0.900 


27,156 


5.56 


93 


PRE8 


6.9 


0.7 


0.129 


27,334 


6.13 


115 


YHR049W 


18.4 


2.2 


0.520 


27,472 


5.33 


92 


YNL010W 


31.6 


3.7 


0.421 


27,480 


8.95 


123 


GPM1 


10.0 


169.4 


0.902 


27,480 


8.95 


124 


GPM1 


231.4 


169.4 


0.902 


27,480 


8.95 


125 


GPM1 


7.5 


169.4 


0.902 


27,809 


5.97 


139 


HOR2 


5.7 


0.7 


0.381 


27,874 


4.46 


78 


YST1 


13.6 


52.8 


0.805 


28,595 


4.51 


41 


PUP2 


4.4 


0.7 


0.147 


29,156 


6.59 


114 


YMR226C 


14.5 


2.2 


0.283 


29,244 


8.40 


120 


DPMI 


5.0 


11.2 


0.362 


29,443 


5.91 


48 


PRE4 


3.4 


3.7 


0.162 


30,012 


6.39 


138 


PRB1 


21.2 


1.5 


0.449 


30,073 


4.63 


77 


BMH1 


14.7 


28.2 


0.454 


30,296 


7.94 


121 


OMP2 


67.4 


41.6 


0.499 


30,435 


6.34 


89 


GPP1 


70.2 


11.2 


0.703 


31,332 


5.57 


88 


ILV6 


13.9 


3.0 


0.402 


32,159 


5.46 


113 


IPP1 


63.1 


3.7 


0.752 


32,263 


6.00 


149 


HIS1 


22.4 


4.5 


0.232 


33,311 


5.35 


84 


SPE3 


15.1 


6.7 


0.468 


34,465 


5.60 


129 


ADE1 


8.7 


5.2 


0.305 


34,762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


34,797 


5.85 


42 


URA1 


49.5 


8.9 


0.237 


34,799 


6.04 


90 


BEL1 


103.2 


81.0 


0.875 


35,556 


5.97 


43 


YDL124W 


6.4 


4.5 


0.206 


35,619 


8.41 


59 


TDH1 


69.8 


32.r 


0.940 


35,650 


5.49 


68 


CAR1 


5.2 


3.0 


0.339 


35,712 


6.72 


117 


TDH2 


49.6 


473.CF 


0.982 


35,712 


6.72 


154 


TDH2 


863.5 


msf 


0.982 


35,712 


6.72 


155 


TDH2 


79.4 


473.0* 


0.982 


36,272 


4.85 


128 


APA1 


8.7 


0.7 


0.425 


36,358 


5.05 


75 


YJR105W 


17.6 


17.1 


0.522 


36,358 


5.05 


76 


YJR105W 


27.5 


17.1 


0.522 


36,596 


6.37 


79 


ADH2 


58.9 


260.CF 


0.711 


36,714 


6.30 


102 


ADH1 


746.1 


260.0 


0.913 


36,714 


6.30 


103 


ADH1 


17.6 


260.0 


0.913 


36,714 


6.30 


104 


ADH1 


61.4 


260.0 


0.913 


36,714 


6.30 


105 


ADH1 


52.7 


260.0 


0.913 


37,033 


6.23 


44 


TALI 


44.8 


3.7 


0.701 


37,796 


7.36 


57 


IDH2 


29.4 


6.7 


0.330 


37,886 


6.49 


106 


ILV5 


76.0 


4.5 


0.892 


38,700 


7.83 


55 


BAT1 


30.9 


11.2 


0.469 


38,702 


6.24 


46 


QCR2 


NA* 


2.2 


0.326 



Mol wt 


Pi 


Spot no. 


1 1 u gene 
name" 


Protein 

dOUnUdJlCC 

(10 3 copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


vJooon 
bias 


39,477 


5.58 


86 


FBA1 


17.8 


183.6 


0.935 


39,477 


5.58 


87 


FBA1 


427.2 


183.6 


0.935 


39,540 


6.50 


150 


HOM2 


60.3 


4.5 


0.592 


39,561 


6.12 


156 


PSA1 


96.4 


27.5 


0.718 


41,158 


6.01 


49 


YNL134C 


14.9 


1.5 


0.316 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


41,728 


7.29 


110 


ERG10 


24.1 


4.5 


0.543 


41,900 


5.42 


74 


TOM40 


22.3 


2.2 


0.375 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


42,883 


5.63 


67 


DYS1 


15.8 


5.2 


0.526 


43,409 


6.31 


107 


SER1 


10.5 


1.5 


0.292 


43,421 


5.59 


91 


ERG6 


2.2 


14.1 


0.408 


44,174 


7.32 


56 


YBR025C 


13.1 


6.0 


0.684 


44,682 


4.99 


72 


TIF1 


2.9 


39.4 


0.834 


44,707 


7.77 


108 


PGK1 


23.7 


165.7 


0.897 


44,707 


7.77 


109 


PGK1 


315.2 


165.7 


0.897 


46,080. 


6.72 


30 


CAR2 


15.4 


NA C 


0.495 


46,383 


8.52 


53 


IDP1 


7.7 


0.7 


0.436 


46,553 


5.98 


47 


IDP2 


32.4 


NA C 


0.197 


46,679 


6.39 


50 


ENOl 


35.4 


0.7 


0.930 


46,679 


6.39 


51 


ENOl 


6.6 


0.7 


0.930 


46,679 


6.39 


52 


ENOl 


2.2 


0.7 


0.930 


46,773 


5.82 


63 


EN02 


15.5 


289.1 


0.960 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


46,773 


5.82 


66 


EN02 


31.0 


289.1 


0.960 


47,402 


6.09 


126 


COR1 


2.5 


0.7 


0.422 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


48,364 


5.25 


73 


WTM1 


74.5 


13.4 


0.365 


48,530 


6.20 


61 


MET17 


38.1 


29.0 


0.576 


48,904 


5.18 


69 


LYS9 


16.2 


3.7 


0.463 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


49,727 


5.47 


70 


PR02 


13.6 


5.2 


0.297 


49,912 


9.27 


62 


TEF2 


558.5 


282.0 


0.932 


50,444 


5.67 


35 


YDR190C 


4.8 


2.2 


0.228 


50,837 


6.11 


32 


YEL047C 


3.8 


1.5 


0.387 


50,891 


4.59 


151 


TUB2 


11.2 


. 7.4 


0.404 


51,547 


6.80 


27 


LPD1 


18.9 


2.2 


0.351 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0.442 


53,798 


5.19 


71 


HXK2 


26.5 


7.4 


0.756 


53,803 


6.05 


145 


GYP6 


4.4 


0.7 


0.147 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0.664 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


54,502 


6.20 


31 


ADE13 


6.3 


1.5 


0.417 


54,543 


7.75 


25 


PYK1 


225.3 


101.8 


0.965 


54,543 


7.75 


26 


PYK1 


39.8 


101.8 


0.965 


55,221 


6.66 


146 


YEL071W 


16.3 


3.0 


0.244 


55,295 


4.35 


134 


PDI1 


66.2 


14.1 


0.589 


55,364 


5.98 


24 


GLK1 


22.6 


6.0 


0.237 


55,481 


7.97 


118 


ATP1 


21.6 


2.2 


0.637 


55,886 


6.47 


28 


CYS4 


22.2 


NA C 


0.444 


56,167 


5.83 


33 


AR08 


14.3 


3.0 


0.324 


56,167 


5.83 


34 


AR08 


9.1 


3.0 


0.324 


56,584 


6.36 


20 


CYB2 


18.9 


NA C 


0.259 


57,366 


5.53 


60 


FRS2 


2.3 


0.7 


0.451 


57,383 


5.98 


144 


ZWF1 


5.6 


0.7 


0.215 


57,464 


5.49 


36 


THR4 


21.4 


3.7 


0.508 


57,512 


5.50 


7 


SRV2 


6.5 


NA C 


0.260 


57,727 


4.92 


152 


VMA2 


33.7 


8.9 


0.546 


58,573 


6.47 


17 


ACH1 


4.4 


1.5 


0.327 


58,573 


6.47 


18 


ACH1 


5.4 


1.5 


0.327 


61,353 


5.87 


21 


PDC1 


6.5 


200.7 


0.962 


61,353 


5.87 


22 


PDC1 


303.2 


200.7 


0.962 


61,353 


5.87 


23 


PDC1 


16.3 


200.7 


0.962 


61,649 


5.54 


38 


CCT8 


2.2 


1.5 


0.271 
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TABLE 1— Continued 



Molwt 


Pi 


Spot no. 


YPD gene 


Protein 
abundance 

( 1 fr mnipul 

1 IU lAJUlWo/ 

cell) 


mRNA 
abundance 
(copies/cell) 


couon 
bias 


61,902 


6.21 


101 


PDC5 


4.3 


NA C 


0.828 


62,266 


6.19 


16 


ICL1 


20.1 


NA C 


0.327 


62,862 


8.02 


19 


ILV3 


5.3 


4.5 


0.548 


63,082 


6.40 


119 


PGM2 


2.2 


3.0 


0.402 


64,335 


5.77 


5 


PAB1 


30.4 


1.5 


0.616 


66,120 


5.42 


8 


STI1 


6.7 


0.7 


0.313 


66,120 


5.42 


9 


STI1 


6.4 


0.7 


0.313 


66,450 


5.29 


141 


SSB2 


7.0 


NA C 


0.880 


66,450 


5.29 


142 


SSB2 


2.3 


NA C 


0.880 


66,456 


5.23 


10 


SSB1 


64.5 


79.5 


0.907 


66,456 


5.23 


11 


SSB1 


59.0 


79.5 


0.907 


66,456 


5.23 


12 


SSB1 


13.7 


79.5 


0.907 


68,397 


5.82 


82 


LEU4 


3.1 


3.0 


0.407 


69,313 


4.90 


13 


SSA2 


24.3 


18.6 


0.892 


69313 


4.90 


14 


SSA2 


77.1 


18.6 


0.892 


74,378 


8.46 


15 


YKL029C 


2.8 


3.7 


0.353 


75,396 


5.82 


6 


GRS1 


5.5 


7.4 


0.500 


85,720 


6.25 


1 


MET6 


2.0 


NA C 


0.772 


85,720 


6.25 


2 


MET6 


10.9 


NA C 


0.772 


85,720 


6.25 


3 


MET6 


1.4 


NA C 


0.772 


93,276 


6.11 


131 


EFT1 


17.9 


41.6 


0.890 


93,276 


6.11 


132 


EFT1 


5.7 


41.6 


0.890 


102,064' 


6.61 c 


94 


ADE3 


4.8 


5.2 


0.423 


107,482* 


5.33' 


4 


MCM3 


2.7 


NA C 


0.240 



a YPD gene names are available from the YPD website (39). 
b NA, calculation could not be performed or was not available. 
c mRNA data inconclusive or NA 

d No methionines in predicted ORF; therefore, protein concentration was not 
determined. 

e Measured molecular weight or pi did not match theoretical molecular weight 
or pi. 



Protein quantitation. [ 35 S]methionine-labeled gels were exposed to X-ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
0.6-ml microcentrifuge tubes, and scintillation cocktail (100 p.1) was added. The 
samples were vortexed and counted. In addition, two parallel gels were electro- 
blotted to poryvinylidene difluoride membranes. The membranes were exposed 
to X-ray film, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/methionine was found. This number was used to quantitate 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolicaUy labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel, and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted half-life. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-end rule (33). When the N-terminal processing was not known 
experimentally, it was predicted based on the affinity of methionine aminopep- 
tidase (31). 

RESULTS 

Characteristics of proteome approach. Nearly every facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (1, 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig. 1 and is based 
on three principles. First, proteins are removed from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein lysate (40 \ig), 
metabolicaUy labeled with [ 35 S]methionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDIVNLGSIAGR (Fig. 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/cell. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. For the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of the sample population for mRNA-protein ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e., 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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FIG. 3. Tandem mass (MS/MS) spectra resulting from analysis of a single spot on a 2D gel. The first quadrupole selected a single mass-to-charge ratio (m/z) of 687.2 
(A) or 592.6 (B), while the collision cell was filled with argon gas, and a voltage which caused the peptide to undergo fragmentation by CID was applied. The third 
quadrupole scanned the mass range from 50 to 1,400 m/z. The computer program Sequest (8) was utilized to match MS/MS spectra to amino acid sequence by database 
searching. Both spectra matched peptides from the same protein, S57593 (yeast hypothetical protein YMR226C). Five other peptides from the same analysis were 
matched to the same protein. 



migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Codon bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6,000 predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2,500 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest-expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codon biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues (11). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 



I 



1OO0 - 



3 




9 9 



§3 3 2 5 2 2 

Codon Bias 




Short Long 

Predicted Half-life 

FIG. 4. Current proteome analysis technology utilizing 2DE without preen- 
richment samples mainly highly expressed and long-lived proteins. Genes encod- 
ing highly expressed proteins generally have large codon bias values. (A) Distri- 
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interval with the largest frequency of genes is 0.0 to 0.1, with more than 2,500 
genes. (B) Distribution of the genes from identified proteins in this study based 
on codon bias. No genes with codon bias values less than 0.1 were detected in this 
study. (Q Distribution of identified proteins in this study based on predicted 
half-life (estimated by N-end rule). 



mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The techniques are fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 
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FIG. 5. Correlation between protein and mRNA levels for 106 genes in yeast growing at log phase with glucose as a carbon source. mRNA and protein levels were 
calculated as described in Materials and Methods. The data represent a population of genes with protein expression levels visible by silver staining on a 2D gel chosen 
to include the entire range of molecular weights, isoelectric focusing points, and staining intensities. The inset shows the low-end portion of the main figure. It contains 
69% of the original data set. The Pearson product moment correlation for the entire data set was 0.935. The correlation for the inset containing 73 proteins (69%) was 
only 0.356. 



staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulatory functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. If 
the 11 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for all yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
This method is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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FIG. 6. Effect of highly abundant proteins on Pearson product moment correlation coefficient for mRNA and protein abundance in yeast. The set of 106 genes was 
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remaining 66 genes in order of abundance. The correlation value climbs as the final 11 highly abundant proteins are included. 



than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with [ 35 S]methionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidase (31). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometric techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarefy detected in this 
study, most likely because relatively small amounts of total 
protein (40 |xg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel, as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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FIG. 7. Relationship between codon bias and protein and mRNA levels in this study. Yeast mRNA and protein expression levels were calculated as described in 
Materials and Methods. The data represent the same 106 genes as in Fig. 5. 



activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel-based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that are used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02JYEAST (775,000 and 289.1 copies/cell, respectively). 
ENOIJYEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is differentially regulated. Specifically, EN01_YEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFT1, TIF1, HXK2, GSP1, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There are thousands of genes with expressed mRNA 
and IHcely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.1 and 0.2 (Fig. 4B). Indeed, in 
every examined yeast proteome study (5, 7, 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher eukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-fold the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et aL, Pathnl Annu., 27Ptl:165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi^fl/.,Bloo4 73(8):2081-2085(1989); Meeker et aL, Blood, 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and die corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5 . Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 

-7- 



Appl.No. : 10/063,557 

Filed : May 2, 2002 



under-expression of the gene product in the presence of a particular over- or under-expression of 
mKNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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pstopher Grimaldi 
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EDUCATION 



University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA 



Genentech Inc., South San Francisco; 1/99 to present 



Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in multiple projects aimed at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 



Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties . 



Facilities 
Manager 



Corixa, Redwood City; 5/89 - 7/91. 



SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
characterizing and expressing clones in E. coli. Also constructed a general purpose expression 
vector for use by other scientific teams. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be Important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-Uneage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophils. The 
chromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level* This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 

H/E Sau 3A 
i 1 i 1 

N L N L 




Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA IN) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind i\U BcoHl and &»u3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the Bam pie represent norma! 
bone marrow elements. 



translocation joined the Immunoglobulin heavy chain join- 
ing (Jh) region to the promoter region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophil. 
© 1989 by Grune & Stratton, inc. 

protooncogenes, such as c-myc and 6c/-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 3,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French- American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 3 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
agarose gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods. 5 Approximately 100 ng of high mo! wt genomic 
DNA were partially digested with the SaulA restriction enzyme. 
Fragments from 9 to 23 frilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland).* All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. M 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20), 
M (CD19), cALLA' (CD 10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 1 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, Hindlll, Sstl, SaulA, and EcoKl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl, Hindlll/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously,- the gene encoding hematopoietic 
growth factor IL-3 had been mapped to chromosome Sq3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. 5 " 12 When the restriction map of human and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
Bsmi/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the 11^3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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Tudeic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5 ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 

showed that the genes were positioned in opposite transcrip- DISCUSSION 

*££^3£^ to determine the normal In this report we have cloned a unique chromosomal 
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Fig 4. Diagram of the translocation. The normal chromosome 
Bq31 is shown with the GM-CSF gene tetomerte to the IL-3 gene fn 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric The t(5;14)|i|31 ;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 -" This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the omyc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promotor element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineage lymphocytes 
and B-Iineage leukemias may express the IL-3 receptor. 21 " 2 * 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 * 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation- 13 * 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this' region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleuldn-5 (IL-5) gene maps to chromosome 5q3i* 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation- 27 These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q3I;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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Activation ©ff the ImtteirleiiaMm-3 Gepe [by Chromosoimie TTraaslocatfioim ira Acuate 
Lymphocytic LenkennnSa With E<o>sraopIhIE5a 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



TDw t(6;14)(q31;q32) translocation from B-lineago acute 
lymphocytic leukemia with eosinophil has been cloned 
tfrom two leukemia samples. In both, cases, this transloca- 
tion Joined the BgH gene and the lnterleukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRWA was produced by the 
D&Qfkemic cells. On the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2 t oabl, and c-myc t that are Located adjacent to the 
translocation. 14 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;l4)(q31;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxynuclcotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD 19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 - 6 
Clinical features of Case 2 have been described in detail. 2 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoVU genomic IL-3 fragment, and an IL-3 
cDNA probe. 1 * 8 

Northern blots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9pg 
total RNA on 1% agarosc-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa 1 1L-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe.' 0 *" 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44;5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161 : 5-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61*C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 uh containing 67 mmol/L 
Tris-HCi pH 8.8, 6.7 mmol/L MgCl* 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (Gftfl-CSF) or IL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting In autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1 .5 mmol/L each dNTP and Taq 
polymerase (Perkin-Ehner, Norwalk, CT)." 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors." As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base,pairs from a Sma I site at position 
—1240 (with respect to the proposed site of transcription initiation) 
to an Nhe I site at position -642. The plasmtd containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the ILr-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TP 1 bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 uh volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microliter 
plate. Rat anti-cytoldne monoclonal antibody in a volume of 25 uL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x 10 4 cells per well (final 
volume, 100 pL). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colon- 
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Fig 1. Breakpoint sequences for Case 2, The germline IgJhB region sequence (protein coding region end recombination 
sequences ere underlined) Is on top, the translocation sequence from Case 2 (PCR primer sequences end putativo M region are un^rS 
is In the middle, and the germline IL-3 sequence, which we derived from a normal IL-3 done. [3 on the bottom 7 + Indicates th * jl 
sequence has the seme nucleotide. The sequence documents the head-to-head Joining of the AU3 and IgH genes. The brea&nobit frT SLT^ 
gene occurred at position -9341°). « «r<w«poare in w*a IL-3 
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metric method of Mosmann using a VMax microliter plate reader 
(Molecular Devices, Mealo Park, CA) set at 570 and 650 nra.'« 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 jig/mL) to coat the wells of a PVC 
miciotiter plate. The capture antibodies used were BVD3-6G8, 
JESN39D10, and BVD2.23B6\ for the 11^3, 1L-5, and GM-CSF~ 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NI?)-deriYatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C1I, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindlU restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
mately 14 kb was detected (data not shown). Whenreprobed 
with either of two different IL-3 probes,.a rearranged 14 kb 



fragment, emigrating with the rearranged Jh fragment, was 
identified. When, leukemic DNA was digested with HiptdUl 
plus EcoRl, a rearranged Jh fragment was detected at 6 kb. 
The IL-3 probes also identified a emigrating fragment of 
* this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
cham reaction (PCR) was used to clone the translocation. 13 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promotor of 
the IL-3 gene in a head-to-head configuration (Kg 1) 
Sequence analysis indicated that the breakpoint on chromo-' 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstreann of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between the chromosome 5 and chromosome 14 
sequences during the translocation event. 17 - 10 Figure 2 shows 
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Fig 2. Relationship of chromosome 6 breakpoints to the IL-3 gene. This figure shows the two cloned breakpoints (arrows! fn r a i«*t~ < 
the normsl IL-3 gene™ One breakpoint occurred at position -482 and the other at -934 {arrows) In both clrcum^™** 1° 
translocations resulted m a head-to-head joining of the IgH gene and the IU3 gene, leaving the mRWA and protein codinn reahmT^K ' u t 
gene Intact. Boxes denote the five tt>3 exons; restriction enzymes are IB) SemHJ, <P) Patl, (H) Hpa B, (E) £ boRI and IX) Xho^ 
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. Fig 3. Documentation of 1L-3 mRNA over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Lane 1 
contained RMA from unstimulated peripheral blood lymphocytes (PBU as a negative control. Ian© 2 contained RMA from PBL stimulated for 
4 hours with concanavatian A (ConA), and lane 3 contained RMA from PBL stimulated with ConA for 48 hours. As in the poaith/e control 
Banes (2 end 3 J, a 1 kb band was Identified in the leukemic sample from Case 1 (lane 4. lower arrow), suggesting aberrant expression of the 
BL-3 gene. In addition, the leukemic sampfo showed over-expression of on unspliced 2.9 ttb transcript (lana 4, upper arrow). We 
documented that this represented an unspliced precursor off the mature U kb transcript by showing that this band hybridized to a probe 
from Intro n 2 of the 11-3 gene. A similar 2L9 Ccb band was detected inlano "2, suggesting that on SL-3 mRNA of this size is sometimes 
detectable In normal mltogen-stimuilatod cells. Lane 6 through 10 represent RMA from six samples of B-tmsage acute lymphocytic let&emia 
without the t(5;i4) transflocatSon. indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not bo 
analyzed by Northern blot because too few cells war© available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants* 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
td&Tanot shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately I kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, 11^5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either^ anti-IL-5 or anti-GM-CSF was consistent with -the,, 
inability to measure these factors by immunoassay .and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 

Sample Data 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (cetls/uL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


615 


Serum growth factor levels (pg/mL) 








tL-3 


<444 


7,995 


1,051 


GM-CSF 


<15 


<15 


<15 


IL-5 


<50 


<50 


<B0 



Peripheral Wood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to fewer 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation; WBC, white blood cells. 
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Bioassayol serum IL-3. Leukemic patient sera were tested for bioactive IL-3 and IL-6 In the TM proliferation essay The 
j^rocaj^^ 



rat antl-IL-3 BVD^6G8 (■). ornntML-6. JES1^9D_ip»: D Indicates no MoAb. On;<1/16/84 and 3/14/84. 
Inhibition of prohferatten was evident In the presence^ antWW antibody, documenting serum levels of IL-3 on those day*. Soran IL-B 
was not detected In this assay, as antML-6 did not alter TM proliferation. 



indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and cosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal 11^3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product In this work, we have documented that this is tpie. 
In addition, neither GM-CSF nor 11^5 are over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 21 The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
!Lr3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived I^.sjmjlar interventions 
may improve this aspect of the disease. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (H£f?-2/neu) Oncogene 

Timothy P. Singleton and John G. Strlckler 



The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, TO who reported that c-er&B-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfoB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews.^ 38 * 65 The molecular biology of the c-er&B~2 oncogene has been 
extensively reviewed 37 * 88 ' 55 and will be discussed only briefly here. 



The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fe tal rats.*- 7 * 7 * 78 The c- 
erb&-2 was a human gene discovered by its homology to the retroviral gene v- 
er&B. 33 ' 4 *' 76 ff£K-2 was isolated by screening a human genomic DNA library for 
homology with v-er&B. 24 When the DNA sequences were determined subse- 
quently, c-erAB-2, HEft-2, and neu were found to represent the same gene. 
Recently, the c-erfcB-2 oncogene also has been referred to as NGL. 

The c-erbB-2 DNA is located on human chromosome 17q21 w « M - 66 and codes 
for c-erfcB-2 mJRNA (4.6 kb), which translates c-erbB-2 protein (p!85). This 
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protein is a normal component of cytoplasmic membranes. The c-erbB-2 
oncogene is homologous with, but not identical to, c-erbB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor rcccptor. fllw Thc c- 
crfeB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 2 - 105 Electron microscopy 
with a polyclonal antibody detects oerbB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-villous outer cell 
membrane. 61 In normal cells, im munohis tochemical reactivity for c-eriB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border.** 6 * || 
There is experimental evidence that c-erfcB-2 protein may be involved in . 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- \ 
eriB-2 protein can transform a cell line into a malignant phenotype. 85 Also, 
when the ne% offisbgene containing an activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. ia « 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a nev-transformed cell line, 28 " 28 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the new- 
transformed eel! line." Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 85 Further 
review of this experimental evidence is beyond the scope of this article. 

The oerbh-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of oerbB-2 activa- 
tion m both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-eriB-2 activation 
at multiple sites in the same patient, immmmi although tM*r&B-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 1 ™ 8 ' 107 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erAB-2 activa- 
tion, but only a few such cases have been studied. 11 ; 

MECHANISMS OF c-ertB-2 ACTIVATION ■ 

The most common mechanism of c-erfcB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfeB-2 mRNA and 
protein, The c-erfcB-2 amplification may stabilize the overproduction of i 

mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-«r&B-2 amplification contain 2 to 40 times more c-erfcB-2 DNA 4 * 8 and 4 to 
128 times more c-erfeB-2 mRNA 3 ** 90 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-erfrB-2 
DNA. Tumors with greater amplification tend to have greater overproduc- 
rjon. 17 ' 52 * 65 The non-mammary neoplasms that have been studied tend to have • 
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similar levels of c-er&B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of c-er£B-2 activation is overproduc- 
tion of c-er&B-2 mRN A and protein without amplification of c-erbB-2 DNA, fil 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. 1T . M .sa The c-er&B-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-er&B-2 activation have been reported. Translo- 
cations involving the c-erfcB-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic transKrations. 3l » 6S »'* w ' e ^ IW A single point mutation in the transmem- 
brane portion of neu has been described in xat neuroblastomas induced by 
ethylnitrosureai 9 - 85 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. l0 - 83 - a Although there has been specula- 
tion that some of the amplified c-srbB-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. 4l *®& 

TECHNIQUES FOR DETECTING *er£>B-2 ACTIVATION 
Detection of c«er6B-2 DNA Amplification 

Amplification of c-er&B-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-crfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a oerbB-2 DNA probe. In both tech- 
niques, c-erfeB-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization hands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-er£B-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells. B1 Second, the c-erbB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
ct£>B-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 - 65 - 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of c-er&B-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study, 32 Oligoprimers for the c-eriB-2 gene 
and a control gene are added to the sample's DNA, and PCR is performed. If 
the sample contains more copies of c-eriB-2 DNA than of the control gene, the 
c-erf>B-2 DNA is replicated preferentially. 

Detection of c-ert>B-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. IJoth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR ror-detectkra of c-€r£B-2' mRNA has been described in'twq recent 
abstracts.**.** 

Overproduction of c-erfcB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used. 65 - 08 - 106 Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-er&B-2 mRNA overproduction in routinely processed rJs-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-arfcB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-erbB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. * ' 

Detection of c-erdB-2 Protein Overproduction 

The most accurate methods for detecting c-erfcB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against oerbB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-er&B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-erfcB-2 protein. ^ 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by throe factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erbB-2 
protein band on Western blot or immunoprecipitation, the results of these 
studies should be interpreted with caution, 8 * 35 - 47 ' 61 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-eriB-2 (plSS). 30 * 59 - 86 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases die number of reactive cells. 81 ' 6 * 
When Jtejtnn* fixative isnrsedrthere^may be a higher percentage of positive 
cases. 42 Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-eriB-2 activation in breast 
. carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-enbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 04 



Incidence of oer6B-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Bible 1), and 
e-erfcB-2 mRN A or protein overproduction was detected in £0.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented e- 
erfeB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erfcB-2 activation in infiltruting breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-er&B-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerb&~2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erf>B-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15), 

The c-erMJ-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfeB-2 activation, 40 - 54 ' 68 especially if larger cells are present. The greater fre- 
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• quency of c-erfrB-2 protein overproduction in comedocarcinoma in situ, com- 

pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-erbB-2 activation infrequendy. Others have speculated 
that carcinoma in situ with c-erfcB-2 activation tends to regress or to lose c- 
erfrB-2 activation during progression to invasion, 40 - 68 ** 2 Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erbB>-2 activation, 1139 although some authors have noted more heterogeneity of 
the immUnohistochemical staining pattern in invasive than in in situ carci- 
uoma* 40 - 42 ' 88 Activation of c-erhB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c~ 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
= \ but may include 'other areas of carcinoma in situ. 42 ^ 68 Overproduction of c- 

erbB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 68 

Activation of oerbR-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erbB-2 has not been described 
In atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 33 A* In normal breast tissue, o-erfeB-2 DNA is 
diploid, and c-eriB-2 is expressed at lower levels than in activated tumors. 34 - 35 - 65 - 88 

These preliminary data suggest that c-er&B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-er&B-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erfcB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary camnoma m situ, detection of c-er£B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
} histological features of comedocarcinoma in situ, which commonly overproduces 

oer&B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. c-arfgj ACTIVATION IN BENIGN HUMAN BREAST LESIONS 





c-er&B-2 DNA 


O-erbB-2 mRNA 


c-e/bB-2 Protein 


Histological Diagnosis 


Amplification* 


Overproduction 


Overproduction 


Fibrocystic disease 


on 0» 




0/32,roO/9«0/8W 


Atypical ductal hyperplasia 






2(weak)/21« 
1(cytopJasmk>}/13» 


Benign ductal hyperplasia 






0/12» 


Sclerosing adenosis 






0/4® 


Fibroadenomas 


0/16 » 0/6,83 
0/2* 0/1* 


0/6» 0/33* 


0/21 » 0/10" 
0/8,»W3« 


Radial scars 






0/22» 


Blunt duct adenosis 






0/1 4 s8 


"Breast 018^0818* 




0/3" 





•Shown as number ol cases with atflvalion/rcimtierol cases studied; reference is given as a superscript 
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c-erfcB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular- carcinoma. Further studies of these issues would be useful. 

Correlation of c<erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-eriB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-er&Br2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki*67, have been suggested as 
prognostic factors and may correlate with c-er&B-2 activation,* 7 

«; Correlation of c-erbB-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-er&B-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erfcB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series, in most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, c* 
eriB-2 activation was associated with either younger or older ages. 

Correlation of c-erfrB-2 Activation With Patient Outcome 

Slamon et al^ 1 first showed that amplification of the c-eriB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erfeB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that e-erbB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 7 * 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween o-eriB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be 
independent of other prognostic factors. In contrast, 18 series did not confirm 
the correlation of c-erfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below 

One problem is that c-erfrB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-eriB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-er&B-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c~er&B-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5, CORRELATION OF «rt>B* ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 

Number of Patients 

With 

Type of MetaBiBsVsto 
c-erdB-2 Axillary No Statistical 



p* 


Activation 6 


rotar 


lymph Nodes Metastasis 


Analysis" 


Reference 


<0.05 


DMA 


176 




M 


67 


<0.06 


DMA 


61 




u 


60 


<0.05 


ONA 


57 






65 


<0.05 


DNA 


41 






63 


<0.05 


mRNA 


62 




g 


65 


<0.05 * 


Protein 


102 




M 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


u 


17 


<0.05 


DNA 




91 


u 


87 


<0.05 


DNA 




86 


M 


79 


<0.05 


Proteln-WB 




350 


M 


65 


<0.05 


Protein 




62 44 


U 


101 


0.05-O.15 


DNA 


57 




u 


111 


0,05-0,15 


Protein 


169 




M 


92 


0.05-0.15 


Protein 




120 


U 


66 


>0/»5 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




U 


50 


>0.15 


Protein 


290 




M 


66 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




U 


39 


>0.15 


Protein 




137 


U 


17 


>0.15 


DNA 




181 


M 


81 


>0.15 


DNA 




159 


U 


17 


>0.15 


ONA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


85 


>0.15 


Proteln-WB 




192 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



The endpolnts ot these studies wore tumor recurrence or decreased survtvel or both. Correlation between o 
erbB-2 activation and a poorer patient outcome Is statistically significant at <0.05, Is of equtvocal significance 
at 0.05 to 0.1 6, and is not significant at X). 1 5. 

*Shown as variable measured. Letters «WB" Indicate assay by Western blot; the other protein studies used 
ImmunoWstoctomical methods. 

C M = multivariate statistical analysis: U » univariate statistical analysis. 
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TABLE 6. PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED 
WTTH PROGNOSTIC SIGNIFICANCE OF *erf>B-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70- 



• 60- 



60 . 



40- 



71 (DNA)» 



61 (ONA)* 

59(DNA)» 
58(Proteln) ,ot 



64(DNA) 1 « 



42(Proteln) a2 



P<0.05 



0.05<P<0.15 



64 (mRNA)» 
61(DNAF 



58(0NA)«« 
57<DNA)'« 
55(ProtetnP 

48(Protein)" 
46(Proleln)*> 



P>0115 



P tor correlation of c-eroB-2 activation with paflent outcome. 

Each study's percentage of breast carcinomas with metastasis is compared wHh the correlation between o- 
aroB-2 activation and outcome. These data include only those studies Irrat considered, as onegroup, aO breast 
cancer patients, whether or not they had axillary metastasis. Superscripts are the references, tn parentheses 
are the types of c-eroB-2 activation. P values are interpreted as tn Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-er&B-2 activation is infrequent In lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
eriB-2-acUvation in ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately This condition frequently shows c* 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. Two recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), e-eriB-2 overexpression predicted early 
recurrence. 2 * 1 * In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-er&B-2 activation.^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erfcB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-erfcB-2 activa- 
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tion and poor patient outcome measure c-*?riB-2 DNA amplification (Table 5), 
and breast carcinoma patients with greater amplification of oerbB-2 may have 
poorer survival, TO - ai Recent studies suggest that amplification has more prognos- 
tic power than overproduction, 17 ^ but the clinical significance of c-erbB-2 
overproduction without DNA amplification deserves further research. 1 ™* Few 
studies have attempted to correlate patient outcome with o-eiiB-2 mRNA 
overproduction, and many studies of c-er£B-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison of oer6B-2 Activation With Other Oncogenes in 
Breast Carcinoma 

Other oncogenes that may haye prognostic implications in human breast cancer 
are reviewed elsewhere ".w 8 This section will be restricted to a comparison 
between the clinical relevance of c-er&B-2 and these other oncogenes. 

Hie c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-er6B-2 activation. w <H7mw 
One study found a correlation between increased mRNAs of c-erjbB-2 and c- 
myc, although other reports have not confirmed this. 34 * 106 Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which omyc has 
more prognostic importance than c-er&B-2. 

The gene c-erfcB-1 for the epidermal growth fector receptor (EGFR) is 
homologous with c-erbB-2 but is infrequently amplified in breast carcinomas. 78 
Overproduction of EGFR, however, occurs more frequently than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
eriB-2 and EGFR in the same tumor, c-erfeB-2 has a stronger correlation with 
poor prognostic factors.?*.** Studies have tended to show no correlation between 
amplification of oer&B-2 andc-er&B-l or overproduction of c-er&B-2 and EGFR, 
although at the molecular level EGFR mediates phosphorylation of cseriB-2 
protein. 51 *MM8.wo Recent reviews describe EGFR in breast carcinoma. 43 * 100 

The genes c-erfeA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent to e-eriB-2 on chromosome 17. These genes 
are frequently coamplified with c-eriB-2 in breast carcinomas. Hie absence of 
c-er&A expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. 90 Amplification of c-erfeB-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-er&B-2 and ear-1 amplification. 87 Consequendy, 
c-eriB-2 amplification seems to be more important than amplification of c-eriA 
or ear-1. 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas . One study found a significant correlation between increased c-erfeB- 
2 mRNA and increased mRNAs of/os, platelet-derived growth factor chain A, 
and Ki-rasJ 06 Allelic deletion of c-Ha-r<w may indicate a poorer prognosis in 
breast carcinoma,** but it has not been compared with c-eriB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.* 1 '" 3 
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ACTIVATION OF c-erfcB-2 IN NON-MAMMARY TISSUES 



Incidence of c-er6B-2 Activation fn Non-Mammary Tissues 

Table 7 summarizes the norma! tissues in which c-er6B-2 expression has been 
detected, usually with hranui>ohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF c-e/fcB-2 mRNA OR oenbB-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Tissues Producing 
oert>B-2 Protein* 



Tissues Lacking 
c-erf>B-2mRNA 



Tissues Lacking 
c-e/fcB-2 Protein 



Skin* 4 



Stomach 24 

Jejunum 84 

Colon 2 * 

Kidney" 



Uver" 



Lung 24 



Fetal brain 24 

Thyroid* 
Uterus 24 



Placenta 24 



Epidermis 50 
External root sheath 66 
Ecorine sweat gland 58 
Fetal oral mucosa 82 
Fetal esophagus 62 
Stomach 2 *- 6 * 
Fetal Intestine 82 * 
Small Intestine 22 ** 
Coton»« 
Fetal kidney** 

Fetal proximal tubule 92 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis 82 
Fetal ureter 82 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic duds 22 * 62 
Endocrine cells of Islets 
of Langerhans 22 

v Fetaltrachea« . . . 
Fetal bronchioles 62 
Bronchioles** 



Fetal ganglion cells 62 



Ovary 1 * 
Blood vessels 42 



Postnatal oral mucosa 12 
Postnatal esophagus 82 



Kidneys 104 Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting dud 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter* 2 

Lhw«* 



Pancreatic Islets 62 

Postnatal trachea 82 
Postnatal bronchioles* 2 

Postnatal alveoli 62 -* 
Postnatal brain 8 * 
Postnatal gangRon cells 62 



Endothelium 82 

Adrenocortical cells* 2 
Postnatal thymus 62 
Fibroblasts 62 
Smooth muscle ceils 62 
Cardiac muscle cells 02 



■This protein study used Western blots; the real used Immunohlsloehsmte*! methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. Production of c-erbB-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding o 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on o-erbB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by ixnmunohistochemicaJ methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
Induce amplification and overexpression of other genes, although this has not 
been documented for c-eriB-2. 

Activation of c-erfcB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract 45 stated that ovarian 
carcinomas contained significantly more c-eriB-2 protein than ovarian non- 
epithelial malignancies. Another report 8 * showed that 12 percent of ovarian 
carcinomas had c-erfcB-2 overproduction without amplification. 

Activation of c-erfeB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. oerhB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS 8 







c-eroB-2 


c-erbB-2 






mRNA 


Protein 




c-eroB-2 DNA 


Over- 


Over- 


Tumor Type 


Amplification 


production 


production 


Ovary— carcinoma, not otherwise 
specified 


31/1 20," 111.* 
0/6,«*0/6«*0/V« 
0/2 » 0/li« 


23/67*1 


23/73* 
36/72*1 


Ovary— serous (papillary) carcinoma 


2/7,no l/7 v 'tt<yB» 






Ovary — endometrioid carcinoma 


O/3110 






Ovary — mucinous carcinoma 


1/2,i»0Y1T2 






Ovary— clear cell carcinoma 


0/2,"* 0/1" 






Ovary— mixed epithelial carcinoma 


0/2* 






Ovary— endometrioid borderline tumor 


0/1 72 






Ovary— mucinous borderline tumor 


0/3 7 * 






Ovary— serous cyatadenoma 


0/4* 






Ovary— mucinous cystadenoma 


07Z* 






Ovary— sclerosing stromal tumor 


0/1 « 






Ovary— fibrothecoma 


Q/1 7 * 






Uterus— endometrial adenocarcinoma 


0/4* 0/1 "« 







'Shown as number 0! cases witn amplification (or overproducttonytotal number ol cases stucfled; reference is 
given as superscript Ail protein studies used Immunchfslochemfcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-erfcB-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected o-erbB-2 protein in seven of eight tissues fixed in Bouin s solu- 
tion. One study found greater immunohistochemical reactivity for 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin a fixative* Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfcB-2 protein. 98 Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with antibodies against c-er&B~2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 

TABLES. ocroB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS" 



e-erfcB-2 
Protein 





c~er*8-2DNA 


Over- 


Tumor Type 


Amplification 


production 


Esophagus— squamous eel! carcinoma 


0/1 w 


0/1" 


Stomach— carcinoma, poorly differentiated 


0722«* 




Stomach— adenocarcinoma 




4/27 » 3/10" 


Stomach— carcinoma, intestinal or tubular type 


6710*" 


16/64» 


Stomach— carcinoma; diffuse or Blgnet ring cell type 


O/2108 


MSP 


Colorectum — carcinoma 


2/49,* 1/45,"» 
1/45," 1/45 ,«> 
0/40." 0/32,™ 073* 


1/22* 7/8 220 


Colon— villous adenoma 


07160 




Colon— tubutovlllous adenoma 


0/5*> 




Colon— tubular adenoma 


Q/7"> 


19/19*» 


Colon— hyperplastic polyp 


0/1" 




Intestine— leiomyosarcoma 




071" 


Hepatocellular carcinoma 


0712"' 


12/14*072" 


Hepatoblastoma 


0/1" 




Cholangtocarcmoma 




46/63* 


Pancreas— adenocarcinoma 




2/80,«' c 072« 


Pancreas— acinar carcinoma 




0/1 41 


Pancreas— clear cell carcinoma 




0/2« 


Pancreas — large ceil carcinoma 




073« 


Pancreas— signet ring carcinoma 




0/1" 


Pancreas— chronic inflammation 




0/14«" 



■Shown as number of cases with amplification (or overproducfionyiotal number of cases studied; reference Is 
given as superscript All protein studies used Immunohistochemical methods. No studies analyzed tor o-$/6B- 
2mRNA. 

tissues fixed In Bouln'e solution. 

c Onty cases with distinct membrane staining are Interpreted as showing o^tdB-2 overproduction. 
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TABLE 10. oerpB-2 ACTIVATION IN HUMAN PULMONARY TUMORS 0 







c-eroB-2 


Tumor Type 


o-erbB-2 DMA 


Protein 


Amplification 


Overproduction 


Non-small cell carcinoma 


2/60,* 0/60* 


1/84« 


Epidermoid carcinoma 


o/iSKo/io^o/e* 


3/5» 


Adenocarcinoma 


0/21,* 1/13,w 0/7.'" 077 ,» 0/3' w 


4/12* 


Large eel) carcinoma 


079«0/6» 




Small cell carcinoma 




0/26.W Q/3» 


Carcinoid tumor 


0/1« 


073" 



■Shown as number of oases with amplification (or overproductlonytota! number of cases atucBed; reference Is 
gtonas^pereaipt All protein studies used Immimohlatochamlca) methods. No studies analyzed for e-eriB* 



does not indicate c-erbB-2 activation in breast neoplasms. 95 Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for oerbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining. 41 

Tables 10 through 14 summarize the studies of c-erfrB-2 activation in other 
neoplasms. The c-erfcB-2 oncogene is not activated in most of these tumors! 
Activation of c-er£B-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report 89 
found oeriB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-eri>B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-fir&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion. 58 Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-«rfcB-2 protein, but it is not clear 
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TABLE 11. c-erpB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS- 







c*erfrB*2 


c*erbB*2 






mRNA . 


Protein 




ovbB-2 DNA 


Over* 


Over- 


Tumor Type 


Amplification 


production 


production 


Hematologic malignancies 


0/23 11 ' 






Malfcmant lymphoma 


(y&»0V3«* 


0/11 


0/1 S" 


Acute leukemia 


0/14^ 






Acute lymphoblastic leukemia 


0/1 ™ 






Acute myeloblasts leukemia 


0/3«* 






Chronic leukemia 


0/18*7 






Chronic lymphocytic leukemia 


Q/8W7 






Chronic myelogenous leukemia 


0/8"* 






Myeloproliferative disorder 


0/1 » 







*Shown as rtumbar of eases with amplification (or overproducflonytotat number of cases studied; reference Is 
\ : ojven as superscript. All protein studies used ImrnunoWstochemlca) methods. 
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TABLE 12- Q€fbP-a ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AND BONE- 





c-e/oB-2 DMA 


Tumor Typo 


Amplification 


Sarcoma 


0/10,"' 0/8" 


Malignant fibrous histiocytoma 


0/1 107 


Uposarcoma 


0/3'" 


Pleomorphic earcoma 


Q/1107 


Rhabdomyosarcoma 


0/1 < w 


Osteogenlo sarcoma 




Chondrosarcoma 


0/1 107 


Swing's sarcoma 


0/1" 


Schwannoma 


0/1* 



•Shown as number of cases with amplification (or overproduction Vtotal number of cases studied; reference Is 
given as superscript No studies analyzed for oerf>M mRNA or oerbB-2 protein. 

whether the protein level is increased over that of normal skin. 5 * Thyroid 
carcinomas and adenomas can have low levels of increased c-eriB-2 mRNA. 
One abstract, described low-level c-erfeB-2 DNA amplification In one of ten 
salivary gland pleomorphic adenomas. 48 

Correlation of c*r&S-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-eriB-2 activation in non- 
mammary tumors with outcome. Slamon et at 51 showed that c-erfcB-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival, 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-eriB-2 protein overproduction, but not between sur- 
vival and histological grade. ** One abstract stated that c-er&B-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval. 70 Another abstract described a tendency for immunohisto- 

TABLE 13, c-ertB-2 ACTIVATION IN HUMAN TUMOBS OF THE URINARY TRACT* 



Tumor Type 


ooroB* ONA 
Amplification 


c-erbB-2 
mRNA 
Over^ 
production 


c-erbB-2 
Protein 
Over- 
production 


Kidney— renal ceil carcinoma 


1/6,sri/4,«"o/5w 


0/16«* 




Wilms' tumor 








Prostate— adenocarcinoma 








Urinary bladder-^carcinoma 






1/48» 



•Shown as number of cases with amplification (or ovemroducllor)/to!al number of cases studied; reference Is 
given as superscript. AH protein studies used ImmurohbtochemfceJ methods. 
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TABLE 14. c-erbB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 



Tumor Type 



Skin— malignant melanoma 
Skin, head and neck — squamous 
cell carcinoma 

Site not stated— squamous cell 

carcinoma 
Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 

carcinoma 

"Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid — adenocarcinoma 
Tnyrotd— adenoma 
Neuroblastoma 
Meningioma 



c-e/bB-2 
ONA 
Amplification 



oeroB-2 mRNA 
Overproduction 



c-eroB* 
Protein 
Over- 
production 



077«» 



1/1™ 



0/1i 
0/5' 
0/1« 
0/21 

0/35«0V9, w 0/1* 
0/2» 



0/1 0» 



0/1* 



3(tewtevels)/5i 
1(lowlevels)/2' 



•Shown ea number of cases wflh amplification {or overproductlonyiotal number of cases studied; reference Is 
given as superscript All protein etudes used tmmuru>r£tochernlo^ methods. 

chemical reactivity for o-er£B-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma. 97 Additional prognostic studies of ovarian carcinomas and 
other neoplasms are needed. 



SUMMARY 

Activation of the c-erbB-2 oncogene can occur by amplification of c-erbB-2, 
DNA and by overproduction of c-erfcB-2 mRNA andb-eriB-2 protein. Approxi- 
mately 20 percent of breast carcinomas show evidence ofc-erfcB-2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-sriB-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. Hie pathologic and clinical significance of c-erfcB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
L Paul Polakis, Ph.D., declare and say as follows: , 

1. I was awarded a Ph.D by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. S ince joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary foCus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteihs". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
wluch has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the leveis of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found mat increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my . 
knowledge of the relevant scientific literature, it is my considered scientific 

. opinion that for human genes, an increased level of mRNA in a tumor cell relative 
. to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare thatall statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1 00 1 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
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'^tracts. If these minor cell proteins differ among cells to the same extent as the 
" more abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
£cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer pr esent » the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat ceUs, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specialization—different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control)! (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(traiislational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 




Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in pro/eins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 




Figure 9-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen 
light blue; hydrogen, white; t 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems In which to study gene regulatory mechanisms, some of which may be rel- 
mnt to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rector indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
obout gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
form of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate after RNA polymerase 
has bound to the gene's promoter and begun RNA synthesis, are less common 
toan transcriptional control, fox many genes they are crucial. It seems that every 
step in gene expression that could.be controlled in principle is likely to be regu- 
ated under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
% according to the sequence of events that might be experienced by an RNA 
m °lecule after its transcription has begun (Figure 9-72) . 
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Figure 9-72 Possible post- 
transcriptional controls on gene 
expression. Only a few of these 
controls are likely to be used for any 
one gene. 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A 1$ 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence — a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (CJ f it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 

302 Chapter 6 : HOW CELLS READ THE GENOME: FROM DNATO PROTEIN 




Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the norma! PrP protein it contacts to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure Is 
not infectious in this way, it cannot spread from one animal to another. (Q Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a p sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-sg-ands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et al.,J. MoL BioL 273:729-739, 
1 997; D, adapted from S.B. Prusiner, Trends dhchtm. So. 21 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation! a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotlc cell The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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lire 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used far protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs — each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by farming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C- terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed in this 
chapter. Step 6, the regulation of protein 
activity, Includes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and detemiining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
ciple he regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 
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DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
;*Y a single signal. Many others are complex and act as tiny microprocessors, 
.responding to a variety of signals that they interpret and integrate to switch the 
""ighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A black fine marks the location 
of a CG dinudeotide in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinudeotide. CG sequences that lie In 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the other hand, tend to be lost through 
deamination of 5-methyl C toT, unless the 
CG sequence is critical for survival. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these pasttramcriptiomall 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 



POSTTRANSCRIPTIONAL CONTROLS 



435 



CHAPTER 29 
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Regulation of transcription 



XI* phroolypic differences llwt distinguish ihe 
various kinds or it* Us in a higher eufcaryute are 
largely dtie to tKITerenees in the expression of 
,rnes that code for proteins. thai is. those tran- 
^Hlied by RNA polymerase II. In principle, the 
expression of these jsenes might he regulated at 
an v one or several .Mages. The concept of the 
-level or control" implies thai gene expression 
is pol necessarily an automatic process once it 
has beg un. Ii could be regulated in ' a gene- 
specific way al any one of several sequential 
steps. We can distinguish (at leasi) five poten- 
tial control points, forming the series: 

\ctivetirm uf gene structure 
i 

Initiation of transcription 
i 

Processing the tinnscrifij 
1 

transport, to evtoplasui 
i 

Translation of niHNA 

Tire existence of ihe firsl slcp is implied by 
ihe discovery Unit genes may exist in either of 
two structural conditions. Relative to ihe stale 
<if most of the genome, genes are found in 
no •"active" state in the cells in which they 
are expressed (see Chapter 27). The change of 
structure is distinct from the art of trnnscrip- 
lion, and indicates (ha l ihe gene is Iranscrib- 
able." This suggests thai acquisition of the 
"active* structure musl be Ihe first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled al the si age of initiation, that is. by 
the interaction of RNA polymerase with its pro- 
moter. This Is now becoming susceptible to 
analysis in the in vim systems (.see Chapter 
2a). For most genes, this is a ma|nr control 
point: probably it is the most common level of 
regulation. 

There is at present no evidence for control 
al subsequent stages of transcription in ettLary- 
otic cells, for exam pie fc via a utile rmi nation 
mechanisms. 

The primary transcript Is modified by capping 
al the 5* end. and usually a?so by polyadenyla- 
tion at the 3' end. Iturons must I* spliced out 
frum ihe transvrlpts of interrupted genes. The 
mature UNA must be ex ported from the nucleus 
to Ihe cytoplasm. Regulation or gene expression 
by selection or sequences at the levef of nuclear 
RNA might involve any or all of these slages. 
hut the one for which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means of alternative splicing pul- 
terns whose regulation controls ihe lype or pro- 
tein product (see Chapter .to). 

Finally. Ihe translation of an mRNA In the cyto- 
plasm can be specifically controlled. There is little 
evidence for ihe employment of this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter t. 
-The mechanism is presumed to involve the block- 
ing of Initiation of translation of some mftNAs by 
specific protein factors. 

But having acknowledged that control of gene 
expression can occur a I multiple stages, and 
that production of RNA cannot inevitably be 
equaled with production of protein, it Is clear 
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that Ihe overwhelming majority of regulatory 
. events occur al ihe initiation or transcription. 
Regulation of tissue-specific gene transcription 
ties at the heart of eukaryouc differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins Hut regttlaie embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves lo provide 



common control of a large number oftargei 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
Ihe common target genes to the transcripiion 
factor; and how is the activity or the iranscrip 
lion factor itself regulated in response to irurin 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common conirol is thai 
they share a promoter etetnent that is recognized 
by a regulatory transaiption factor. \n element 
that causes a gene to respond to such a factor 
is called a response element examples are the 
HSE (heat short response element)* GRE 
(glucocorticoid response element), SHE (scrum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Incucicte'transcrrpiofi factors bind ic 
response elements lha( identify g.'cups cf pomclers 
of c-jhancars subject io coordinate control. 



Regulatory Agent Module Consensus 



Factor 



He* Stock HSE CNNGAAWCTCCNNQ HSTF 

GkJCOCOrtfcOtd GRE TGGTACAAATGTTCT Receptor 

PhOfbol aster TRE TGACTCA API 

Serum SRE CCATATTAGG SFF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances froro 
the siartpoint, but are usually <200 Up upstream 
Of it. The presence of a single element usually 
Is sufficient to confer the- regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in p r0 ~ 
molers or in enhancers. Some types of elements 
are typically found in one rather than the other, 
usually an HSE is found in a promoter, while * 
GRE is found in an enhancer. We assume th* 
all response elements function by die s* n,f 
general principle. A gene is regulated * 
sequence al the promoter or enhancer that * 
recognized by a specific protein. The P^*!*, 
Junctions as a transcription factor needed fi* 
rt/Vvi poiytnerase to initiate' Active protein 
available only under conditions when the, 
to be expressed; its absence means that tht 
moter- is not activated by this particutor cv** * 

An example of a situation in which n* 1 ^ 
genes are controlled by a single factor & P\[ 
vided by the heal shock response. This * ^ 
mon lo a wide range of prokaryotes ^ 
eukaryoles and involves mulUple 001,1 j llf r 
gene expression; an increase in temp* 1 * fllt 
turns off transcription of some genes. lurl,s j|tf rf 
transcription of the heat shock 6 ene$, ^jc 
causes changes in the translation of & 
The control or the heal shock genes il]« ,s, ^fi 
the differences between prokaryotic 
eukaryotic modes of controL In. bacteria, a ^ 
sigma factor is synthesized that dirt* 15 ^ 
polymerase holoenzyme to recognize on. 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored ceil surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was sem t quantitatively scored by assessing both the 
percentage and Intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of II (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al |1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem ceil antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of theThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidyl inositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0. 1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score [2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGP1N, 
grade III) on the basis of literatures |3,4|. 

Immunohlstochemlcal (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 mi n to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 :100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strep avidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-um- thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5'C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and anti sense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37° C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37. 5 °C fori h followed by washing in 1 x PBS for 20 min 
a i room temperature, and then to strep avidin-peroxidase 
at 37.5 °C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Intensity x frequency 



Gleason score O-o {%) 9 (%) 



2-4 5(83) \ (17) 

5-7 19(79) 5(21) 

a-10 5 (28) 13 (72) 



Table 2: Correlation of PSCA expression with clinical stage 







Intensity * frequency 




Tumor stage 


0-o(X) 




9(%) 


<S 


27 (67.5) 
2(25) 




13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostainmg and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
endy experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitativeiy for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with die primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-5G% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6]. Hie 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's i-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen- independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 1 1 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores » well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores * poor-differentiation (7|. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from die results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostainlng and mRNA In situ 
hybridization 

In all 88 specimens surveyed herein, we compared die 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISH staining, *200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 . Bj: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 ; IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(IAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
etal [1], using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(rnPSCA) expression in mouse HGPIN tissues by Iran C. 
P et al (8). These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1), One pos- 
sible explanation for mis is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
(1 1] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al |12) reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 (1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al 1 18| reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al [9] recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. WatabeTet al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22). Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion (23-25). Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
antt-apoptosis) and/or proliferation [lj. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-poskive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
up regulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Dntirodliacfclon 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences In gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DMA amplification or to differ- 
ences In transcription. Gene expression Is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of translationaJ regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogenesls In eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches mldblastula transition, the 
4000-cellstaga Therefore, ail necessary mRNA molecu les are 
transcribed during oogenesis and stockpiled In atranslationally 
Inactive, masked term. The mRNA are translation^ activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesls and thus, ana under strict translational 
control. 

Translation has an established role In cell growth. Basi- 
cally, an Increase In protein synthesis occurs as a conse- 
quence of mftogenesls. Until recently, however, little was 
known about the alterations In mRNA translation In cancer, 
and much is yet to be discovered about their role in th© 
development and progression of cancer. Here we review the 
basic principles of translationaJ control, the alterations en- 
countered In cancer, and selected therapies targeting transla- 
tion Initiation to elucidate potential new therapeutic avenues. 

Translation Initiation the main step In translational regulation. 
Translation Initiation Is a complex process In which the inttiaior 
tRMA and tha 40$ end 60S riboscmal subtxrtiis ana reomited to 
the 5' end of a mRJ^JA molecule and assembled by etteryotic 
translation IntfiaScn fectos Into an 80S elbesoms as Cre start 
ccdcnofih©mRrM(^ 

capped, contains tha cap structure m 7 GpppN (7-mathyl- 
guanos?r^triphospho-5'-rito Most translation in 

eukaryotes occurs in a cap-dependent fashion, /La, the cap is 
specifically recognised by the e5F4E, 3 which bftds the 5 r cap. 
The el F4F translation Initiation complex Is then formed by the 
assembly of eIRE, the RNA heOcase eiF4A, and elF4G t a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal subunR to the mRNA molecule through Interaction with 
the elF3 protein present on the40S ribosome, eJF4AandelF4B 
partidpate ort melting tJta secondary structure cS tfia 5' UTO o? 
the mRNA. The 43S initiation complex (40S^dF2/Met-tRNA/ 
GTP complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start oodon. This start codon Is then base- 
paired to the anticodon of Initiator tRNA, forming the 48S Initi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome Joins to form the 80S 
ribosoma 

Unlike most eukaryotic translation, translation initiation of 
certain mRNAs, such as the picomavirus RNA, is cap inde- 
pendent and occurs by Internal ribosome entry. This mecha- 
nism does not require dF4E Bther the 43$ complex can bind 
the initiation codon directly through Interaction with the IRES in 
the 5' UTR such as in the enc8phalomyocarditis virus, or it can 
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Fig. J. Translation initiation In eukaryotes. The 4E-BPs are hyperphos- 
phorytated to release elF4E so that It can Interact with the S' cap, and the 
bF4F initiation complex b assembted. The Irteraction of poW) binding 
protein wfth the Initiation complex and clrcuiarkatlon of the mRNA Is not 
depicted In the diagram, ThesecorKlajy structure of the 5' ITTR is melted, 
the 40S ribosoma) suburtit Is bound td elF3, and the ternary complex 
consisting of efF2, GTP, and the MeMRNAare recruited to the mBNA. The 
rfroscme scans the mRNA In a 5'-*3' direction until en AUG start codon 
Is found in the appropriate sequence context The Initiation factors ere 
released, and the farce ribosoma! subunit is recruited. 



Initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the poliovirus (1). 

floguflrtfan of Tmmlation Initiation 
Translation initiation can be regulated by alterations In the 
expression or phosphorylation status of the various factors 
Involved. Key components in tmnslational regulation that 
may provide potential therapeutic targets follow. 

eIRE. elF4E plays a central role in translation regulation, 
it Is the least abundant of the initiation factors and Is con- 
sidered the rate-limiting component for Initiation of cap- 
dependent translation, eiF4E may also be Involved In mRNA 
splicing, mRNA 3' processing, and mRNA nudeocytoplas- 
mJc transport (2). elF4E expression can be Increased at the 
transcriptional level in response to serum or growth factors 
(3). eiF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



lational machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of ©IF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and cyclin D1 (2, 8, 9). 

Another mechanism of control Is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mftogen-actlvated protein Wnase-Interacting kinase 1 , which 
Is activated by the mitogen-actlvated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mltogen-actlvated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, src kinase overexpresslon, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of e!F4E Is usually correlated with the 
translatlonal rate and growth status of the celt however; 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translatlonal rates actually 
decrease (15). Thus, further study Is needed to understand 
the effects of elF4E phosphorylation on e!F4E activity. 

Another mechanism of regulation is the alteration of eIF4E 
availability by the binding of elF4E to the elF4E-blnding pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete with 
elF4G for a binding site in elF4E. The binding of elF4E to the 
bast characterized e!F4E-binding protein, 4E-BP1, Is regu- 
lated by 4E-BP1 phosphorylation. Hypophosphcryteted 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphcsphorylatlon 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and II, InterieuWn 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results 
in 4E-BP1 dephosphorylatlon, an Increase in elF4E binding, 
and a decrease in cap-dependent translation. 

(pTOSSKfoussa Phosphorylation of ribosomal 40S protein 
S8 by S6K Is thought to play an important role In translatlonal 
regulation. S6K mouse embryonic ceils proliferate more 
slowly than do parental ceils, demonstrating that S6K has a 
positive Influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
ofigopyrinrtidbe tract (5' TOP) found art trre 5' l/m of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translatlonal machinery. Phosphorylation of S6K is regu- 
lated In part based on the availably of nutrients (18, 19) and Is 
stimulated by several growth factors, such as platelet-derived 
growth factor and tasulMke growth factor 8 (20). 

eQF&cz PSmphorytation. The binding of the initiator tRNA 
to the small ribosomal unit Is mediated by translation Initia- 
tion factor elF2. Phosphorylation of the o-subunlt of elF2 
prevents formation of the ©IFZ/GTTP/Met-tRNA complex and 
inhibits global protein synthesis (21, 22). elF2cz Is phospho- 
rytated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apopfosls (22). 
eIF2a Is phosphoryiated by heme-regulated inhibitor, nutrient- 
regulated protein kinase, and the IFrM-lnduced, double- 
stranded RNA-activated protein kinase (PKR; Ret 23). 



•m© mTOR Signaling Ptoftoay* The macrolkie antibiotic 
rapamycin (Sirallmus; Wyeth-Ayerst Research, CoGegeville, 
PA) has been the subject of intensive study because It In- 
hibits signal transduction pathways involved in T-celi activa- 
tion. The napamycin-sensith/e component of these pathways 
Is mTOR (also called FRAP or RAFT1). mTOR Is the mam- 
malian homologue of the yeast TOR proteins that regulate Q 1 
progression and translation In response to nutrient availabil- 
ity (24). mTOR Es a serine-threonine kinase that modulates 
translation Initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ref. 25). 

4E-BP1 is phosphoryiated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Tftr-AQ residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these stes Is not associated 
with a loss of elF4E binding. Phosphorylation of Thr-37 and 
Thr-46 is required for subsequent phosphCTytetion at several 
COOK-temilnal, serum-sensitive sites; a combination of these 
ptosptoryiatton everrte appear to be needed to Inhibit the 
binding of 4E-BP1 toeIF4E(2^Tr^jp7cdurt<rfthe^7Mgene > 
P38/MSK1 f^thvvay, and proton kinase C<r also play a rote In 
4E-BP1 phosphorylation (27-29). 

SSKand 4E-BP1 are also regulated, In part, by PI3K and its 
downstream protein kinase Akt. PTCN Is a phosphatase that 
negatively regulates PI3K signaling. PTEN nufl cells have 
constitutive^ active of Alct, with Increased S6K activity and 
88 phosphorylation (30). S6K activity is Inhibited both by 
PI3K inhibitors wortmannln and LY294002 and by mTOR 
Inhibitor rapamycin $4). Akt phosphorates Ser-2448 In 
mTOR In vitro, and this site Is phosphorylated upon Akt 
activation In vivo (31-53). Thus, mTOR is regulated by the 
PBK/Akfc pathway; however, this does hot appear to be the 
only mode of regulation of mTOR activity. Whether the P13K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosptorytafion is blocked bywort- 
mannin but no* by rapanrydn (34). This seeming Enccnslstency 
suggests that mTOR-responslve regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
kinase acJMty. An alternate pathway for 4E-BP1 andSSK phos- 
phorylation by mTOR activity is by the inhibition of a phospha- 
tase. Treatment with caiyedin A, an Inhibitor of phosphatases 1 
and 2A, reduces rapamydn-induced dephosphorylation of 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with fulMength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
In vitro; however, how this process alters PP2A activity Is not 
known. These results are consistent with the mcdeJ that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and SSK, and conversely, that nutrient dep- 
rivation and rapamycin Week inhibition of the phosphatase by 
mTOR. 

Polya^nyiaflon. The poly(A) tail In eukaryotlc mRNA Is 
important in enhancing translation initiation and mRNA sta- 
bility. Polyadenylation piays a key role In regulating gene 
expression during oogenesis and early ernbryogenesls. 
Some mRNA that are translatfonalty inactive in the oocyte are 
poiyadenytated concomitantly with transiatlonai activation In 
oocyte maturation, whereas other mRNAs that are transia- 
tlonaily active during oogenesis are deadenylated and trans- 
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Fig, 2. Regulation of translation initiation by signal transduction path- 
ways. Signaling via p3S, extracellular slgmU-reJated Wnasa, PBK, and 
mTOR can afi activate transtatton Initiation. 



latfonalry silenced (36-38). Thus, control of poiy(A) tali syn- 
thesis is an Important regulatory step In gene expression. 
The 5' cap and poty(A) tall are thought to function synergfe- 
tlcally to regulate mRNA transiatlonai efficiency (39, 40). 

mm ProCcagtag. Most RNA-blndlng proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the transiatlonai fete of the transcript (41). A highly 
conserved family of Y-box proteins is found In cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role In restricting the recruitment of 
mRNA to the transiatlonai machinery (41-43). The major 
mRNA-assoclated protein, YB-1. destabilizes the Interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpresslon of 
YB-1 results in transiatlonai repression in vtvo (44). Thus, 
alterations in RNA packaging can also play an important role 
In transiatlonai regulation. 

Ttrafts&atSoGU AtetratSons Encountered in Cancer 
Three main alterations at the transiatlonai level occur in cancer: 
variations In mRNA sequences that Increase or decrease trans- 
tetional efficiency, changes In the expression or availability of 
components of the transiatlonai machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an Indi- 
vidual mRNA that may play a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase In the overall rate of protein synthesis, and the 
transiatlonai activation of several mRNA spades. 

Variations in mRNA sequence affect the transiatlonai effi- 
ciency of the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutetatis. Mutations In the mRNA sequence, especially 
in the 5' UTR, can alter Its translational efficiency, as seen in 
the following examples. 
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&-mjft& Safto eta/, proposed that translation of full-length 
c-myc Is repressed, whereas In several Buridtt lymphomas 
that have deletions of the mRNA 5' UTR, translation ofc-myc 
la more efficient (46). More recently. It was reported that the 
5' UTR of c-myc contains an IRES, and thus omyc transla- 
tion can be Initfaied by a cap-independent as well as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-*T mutation In the omyc IRES was Identified 
(48) and found to cause an enhanced Initiation of translation 
via Internal ribosomaJ entry (49). 

. A somatic point mutation (117 G-»C) In position 

-3 with respect to the start codon of the BRCA1 gene was 
identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type osr mutated 
BRCA1 5' UTR and a downstream lucffemase reporter dem- 
onstrated a decrease In tfra translation efficiency with the 5' 
UTR mutation* 

<^c!to-&2p®!2<tfm2 IXfaase ktihibttwr 2& Some Inherited 
melanoma kindreds have a G-»T transversion at base -34 
of cydln-dependent kinase Inhibitor^ which encodes a 
cyclin-dependent kinase 4/cydin-dependent kinase 6 kinase 
Inhibitor Important in Q t checkpoint regulation (51). This 
mutattomgJves rise to a novel AUG translation initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribpsomes and decreases translation 
from the wild-type AUG. 

S$Mm sstdl Automate YoroscoWIoin) SW 
Sites. Alterattons In splicing and alternate transcription sites 
can ^ to variations^ 5' LTO^quence, length, and second- 
ay sfructura, ultimately Impacting translator efficiency. 

AWL The A77W gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' ITTRs that show considerable 
diversity in length and sequence have been Identified. These 
divergent 5' leader sequences play an Important role In the 
translations] regulation of the ATM gene. 

mtftro, Jn a subset of tumors, overexpression of the onco- 
protein mdm2 results In enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only In their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

In a normal mammary gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
In sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5 f UTRb); the translafiona! 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGJF~f&, TOF-03 mRNA includes a 1.1 -kb 5' UTR, which 
exerts an Inhibitory effect on translation, Many human breast 
cancer ceil lines contain a novel TGF-&3 transcript with a 5' 
UTR that Is 870 nucleotides shorter and has a 7-fold greater 
translations] efficiency than the normal mRNA (55). 

Ata?roa1& (PoSyatiesiiyitoiBcm Multiple polyadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue Inhibitor of metalloprotelnases-3 (57), RHOA 



proto-oncogene (58). and cafmodullnH (59). Although the 
effect of these alternate 3' UTRs on translation Is not yett 
known, they may be important In RNA-proteln interactions 
that affect translations! recruitment The role of these alter- 
ations In cancer development and progression Is unknown. 
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Alterations In the components of translation machinery can 
take many forms. 

©w&rejqwesssiojB off eflG^E, Overexpression of e!F4E 
causes malignant transformation In rodent cells (60) and the 
deregulation of HeLa cell growth (61). Pofunovsky et a/. (62) 
found that e!F4E overexpression substitutes for serum and 
Individual growth factors In preserving viability of fibroblasts, 
which suggests that e!F4E can mediate both proliferative and 
survival signaling. 

Elevated levels of e!F4E mRNA have been found in a broad 
spectrum of transformed ceU lines (63). elF4E Bevels am 
elevated in all ductal carcinoma In $&/ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that tills overexpression Is attributable 
to gene amplification (63). 

There are 8ccumi&attrtg data suggesting that ef F4E ovsrex- 
pression can be valuable as a prognostic marker. e!F4E over- 
expression was found £na retrospective studytobearnarkerof 
poor prognosis In stages I to III breast ca/dnorna (67). Verifica- 
tion of the prognostic value of e!F4E In breast cancer §s now 
under way In a prospective trial (67). However, In a different 
study, elF4E expression was correlated with the aggressive 
behavior of ncn-Kodgkln's lymphomas (63). In a prospective 
analyses of patients with head and neck cancer, elevated tevels 
of eiF4E in histologically tumor-free surgical margins predicted 
a sfgniEcantiy Increased risk of local-regional jnscurrenos (9). 
These results aS suggest that elF4E overexpression can be 
used to select patients who might benefit from more aggressive 
sysJemlc therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

ABSerafflons On Other Initiation Factors. Alterations In a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G f similar to elF4E, leads to 
malignant transformation In vitro (69). elF-2a Is found In 
Increased levels in brortchioloalveolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunft of 
translation Initiation factor 3 Is amplified and overexpressed 
In breast and prostate cancer (72), and the elF3-p1 10 subunfe 
Is overexpressed In testicular seminoma (73). The role that 
overexpression of these Initiation factors plays on the devel- 
opment and progression of cancer, If any, is not known. 

OvemeKpiressIm off @S& S6K Is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, com- 
pared with normal mammajy epithelium (74). In a study by 
Bariund et al. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Ov«rs«j^fi3s!o!ni off PAP. PAP catalyzes 3' poly(A) syn- 
thesis. PAP is overexpressed In human cancer cells com- 
pared with normal and vfrally transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, In mammary tumor cytosots, was 
found to be an independent factor for prod Icting survival (76). 
Utile Is known, however, about how PAP expression or ac- 
tivrty affects tho translatlonal profile. 

^Iteatilom inn KIM-bMirigj (Ffrcftelrcs. Even teas b known 
about alterations in RNA packaging In cancer. Increased ex- 
pression and nuclear localization of the RNA-bMng protein 
YB-1 are indicators of a poor prognosis for breast cancer (77), 
non-smafl cafl lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least (n part at the level of 
transcription, because YB-1 increases cherrrcreslstance by en- 
hancing me transcription of a multidrug resistance gene (80). 



Activation of signal transduction pathways by toss of tumor 
suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
imporiantrnutent In human cancers Is tho tumor suppressor 
gem* PTEN, whJcft leads to the activation of tha path- 
way, Activaiion of P8K and m Induces the oncogenic tmns- 

show consatutfve phosphorylation of SSK and of 4E-BP1 (81). 
A mutant Akt that retains kinase activity but does not phos- 
phorylate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of P53K and 
Akt and the phosphorylation of SSK and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin-like growth factor, HER2/heu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation Initiation, activation 
of translation is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translation^ control. 
For example, HER2/neu mRNA is translationaily controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translatlonal efficiency (82). HER2/neu translation Is different 
In transformed and normal cells. Thus, it is possible that 
alterations at the translations level can In part account for 
the discrepancy between HEft2/neu gene amplification de- 
tected by fluorescence In situ hybridization and protein levels 
detected by Immunohistochemlcai assays. 



Yransflsftta Thefts. of? Sheeted ©atneeir Therapy 
Components of the translation machinery and signal path- 
ways involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 

Targeting mWB Signaling Pathways Rajpswydn 
and! Ttastotfto 

Rapamydn inhibits the proliferation of lymphocytes. It was 
Initially developed as an immunosuppressive drug for organ 



transplantation. Rapamydn with FKBP 12 (FK506-bkidlntg 
protein, M r 12,000) binds to mTOR to Inhibit Rs function. 

Rapamydn causes a small but significant reduction in the 
initiation rate of protein synthesis (83). It blocks cell growth In 
part by blocking S3 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomaJ 
proteins, and elongation factors (83-85). Rapamydn also 
blocks 4E-BP1 phosphorylation and Inhibits cap-dependent 
but not cap-Independent translation (17, 86). 

The raparrrydrhsensftive signal transduction pathway, acHJ- 
vated during mailg nant transformation and cance7 progresslorD, 
is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, small ceff lung, gltoblastoma,rr^ancmandT-<»!jl 
leukemia are among the cancer Ones most sensitive to the 
rapamydn analogue CCI-779 (t%etfrAyerst Research; Ref. 
87). In rhabdorrrycosarcorna ce8 ffnes, rapamydn is either cyto- 
static or cytoddal, depending on the p53 status of thece%p53 
wfld-typa oefe treated with rapamydn arrest In the©, phase 
and maintain thefr viability, whereas p53 mutant cefe accumu- 
late In and urctergoapoptosls^, 89). In a recertify reported 
study using human primitive r^uroectcdermal tumor and 
meduUcbtestoma models, rapamydn exhibited more cytotox- 
icity En combination with dspfatin and camptothedn than as si 
single agenfi. In Mlto, CC8-779 deJsyeri growiii of xenografts by 
160% after 11 week of therapy arxJ 240% after2week&Asfrtgt© 
hlgh-dcss edmlnfefraftori caussd a 37% dscyeasa to tumor 
volume. Growth Inhibition to vfvo was 1.3 times greater, with 
dspiatin in combination with C0779 than with dsplatin alona 
(SO), Thus, preclinical studies suggest that rapamydn ana- 
logues are useful as single agents and Sn combination with 
chemotherapy. 

Rapamydn analogues CCI-779 and RAD001 (Novartis, 
Basel, Switzerland) are now In dinlcal trials. Because of the 
known effect of rapamydn on lymphocyte proliferation, a 
potential problem with rapamydn analogues Us Immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamydn and CCI-779 administered on 
continuous-dose schedules, the Immunosuppressive effects 
of rapamydn analogues resolve in *-24 h after therapy 
(91). The prindpal toxicities of CCI-779 have Included der- 
matologies! toxicity, myeiosuppressJon, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted In 
advanced renal ceil carcinoma and in stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported In abstract form, although there were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and in breast carcinoma 04, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active Investigation Is under way into patient selection for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTBi-nul! tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN 07) There was, however, a positive correlation 
between AW activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regardless of whether ft is attributable to a PTEN mutation or 
to ovenaxpresslon of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dlrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycin resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycln resistance (98). 

Another mode of activity for rapamycln and its analogues 
appears to be through Inhibition of anglogenesis. This activ- 
ity may be (both through direct Inhibition of endothefia! cell 
proliferation as a result of mTOR Inhibition in these ceils or by 
Inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor In tumor cells (99, 100). 

The anglogenesis Inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation In endothelial cells (101). Through a requisite in- 
teraction with Integrin, tumstatin inhibits activation of the 
PI3K/A& pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1 , thereby Inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-stgnallng pathway. 




EPA is an rh3 polyunsaturated fatty add found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA Inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks eel) division by 
inhibiting translation initiation (105), EPA releases Ca** from 
Intracellular stores white Inhibiting their refining, thereby ac- 
tivating PKR. PKR, in turn phosphorytetes and inhibits eJF2o, 
resulting In the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vftro and In vtvo % Inhibits ceil growth through 
depletion of Ca 2+ stores, activation of PKR, and phospho- 
rylation of eSF2a (108). Consequently, clotrimazole preferen- 
tially decreases the expression of cycllns A, E, and D1, 
resulting in blockage of the cell cycle In G v 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) Induces epoptosls In many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of e!F2« and Induction of apo ptosis (110). 

Flavonofds such as genlsteln and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme-regulated Inhibitor, and PERK/PEK, are activated by 
ffavonoids, with phosphorylation of elF2a and Inhibition of 
protein synthesis (111). 



Targeting e$F4A and &8F4E: Antisens® (RMA 
and Pteptfofes ■ 

Antisense expression of elF4A decreases the proliferation rate 
of melanoma ceils (1 12). Sequestration of elF4E by overexpres- 
slon of 4E-BP1 Is proapoptotic and decreases tumaTlgenlcfty 
(1 13, 1 14). Reduction of elF4E with antisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential adjuvant therapy for head 
and neck cancers, particularly when elevated elF4E Is found In 
surgical margins. Small molecule fr^tc^tt^t*^ the eIF4G^ 
4E-BP1 -binding domain of e{F4E are preapoptotic (116) and 
are also being actively pursued. 



£xp!offlng SefecSsm TmnsSamsv far ©era© Tfoempy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation In cancer cells is the use 
of gene therapy vectors encoding su&ds genes with highly 
structured 5' UTR These mF^ would ti^js be at a competitive 
disadvantage In normal cells and not translate well, whereas In 
cancer cells, they woujd translate mom efftctentiy. For example, 
tteimrodw^offtr«5'Ljm 

theccdlr^ seqtajnracrfrter^ thymktina 
Mnasa gsna, aSows for setectfv© iransiation of herpas simplex 
virus fype-1 thymkSne kinase gene In breast cancer cell Ones 
compared with normal mammary ceSJ Bnea and results In se- 
lective sensitivity to ganciclovir (1 1 7). 



TorctfairdJ UDd® IRsta*© 

Translation Is a crucial process in every cell However, several 
alterations In transnational control ocw^«urcer. Cancer cdis 
appear to need en absrrantiy activated transitional slate far 
survival, thus allowing the targeting of translation Initiation with 
surprisingly low toxicity. Components of the translatkmal ma- 
chinery, such as eIF4E, and signal transduction pathways h> 
volved In translation Initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It Is possible 
that with the development of batter predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most Ifeely to achieve dtrtfcaJ utiGty In 
combination therapy. In the Interim, our increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the Identiffcatlon of new therapeutic targets 
In the near future. 
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30. The Apo2L/TRAIL system: therapeutic potential: American Association for 
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CA, Mar 2000; 
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Each year, bYER j82,0p0 women ill the United States are 
diagnosed, with breast cancer, 'and ^proximately 45,000 die 
of the disease. 1 Incidence appears. to be increasing in the 
Imited $tactes at a irate of roughly 2% pes' yeas; The reasons 
far tfie mcrease are unclear, tonon-genetic risk fectore appear 
•trpiay ajarge *i>te&~ - • _"ttt_ ; • - - ;^ . 

. TFive-yfear isusvivail sates x^^fec^^p^Siimteiiy 6Si£ : 
85%, depending on dempgrapSiic group,'. witBn n significant 



within E<D years of diagnosis. One of the factors most predic- 
tive for rsoaroace once a diagnosis of breast cancer has been 
made is the sramber .Qf axillary lymph nodes so which tumor 
has metastasized. Most node-posifcive women are given adju-. 
vant therapy, which increases their fonvryaL However, 20%- 
• -patients wi&out-attiiljiar^- node mvolvenient also 

develop recurred disease* and the difficulty lies in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit from. incc&ased survei&lance, early intervention, and 
treatment • . 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor sim. histological er&de, steroid 



: a T — -jr**"»*"VD WMVA, wiu 

cathepsinB status. Expression of growth factor receptors and 
oveir-espression of the HEH-2/netQ oncogene have also been 
identified as having value iregarding treatment iregiraen and 
prognosis^ . ^ . CE «. 

TOpMVn|u (ajgp kaOwTas c-erb^2) if an oncogene that 
encodes s {transmembrane glycoprotein that is homologous 
toi but distinct from, the epidermal growth factor receptor. 
Numerous sradies.have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival The gene has been shown to be amplified and/or 
overexposed to 10%-30% of invasfive breast cancers 'and in 
4G%-60% of intraductal breast carcinoma.* 

There are two distinct IFDA-approved methods by. which 
HER-2/neu status can be evaluated: mimunobistochemistry 
(IHC, HetcepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PafoVyston™ Kit), Both methods can be.perform.ed on 
archived arid current specimens. The fct method allows visual 
assessment of fihe amount of protein present on 

the cell membrane. The Salter method allows direct quantflfi- 
cation of theievel of fceneamplificstion present in (toe tumor, 
enabling differentiation between low- versus hjgh-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk to women younger than 40 years cot age 
low- versus Mgh-ampJified tumors (54.5% compared! ab 
85:7%); this is ciwrroared to a recurrence rate of i <g.7% f Qff 
patients with mo HER-2/neu gene ©ij^pHfacation^ HElJW/iaeia ' 
stetus may ^ particularly m^ 

i^mall^E'cn^tomc^siz^' ■ ' : m ^ ' 

-~'TM!ofco5ce of a^otologyifoy dlbsninatioa off " 
neu*fosus depends hspmonafaedim^sei^mA ®ppsws$ 
fox the VysaVFISH test was granted based on cHmScal te&Bs 

^^ n ^^* n ^*^^^ ems ' MentsE©c©5vedtogi^ 
of flhree aWejfentc treatments consisting of different doses %f 
^ cyclophosphamide, Adriamycin, and 5-ftuorouiacSfl (CAJF>. 
The study showed that patients with amplified 
benefited from treatment witfi higher doses of ^idffiamyeixir- 
based mem^,.^lo-Aose^th4nopnaI 5mfi^2^n.llev48ls-d5(d • 
•not: The study therefore identified, a subset of wommen, who 
because (hey did not benefit from, more aggressive fcteafmena, 
. did nor need to be exposed to the associated side efifectsJ la- 
addition, other evidence indicates ttat HE&-2/neu amplifies- 
tibfl ii> hode-megative patients can be used.as m independmt 
prognostic indicator for ea#y recnmnce, recurrent dise&s© $t ■ . 
am/ time and disease-related deatk 5 lj^onstratiom of HBl.^ 
^ewgitte.amp!lffic*ticA^ • 
of value m predicting response tb chemotherapy ki stage-2 

howeves* 5s based topom d^msts^&T^ 



. Selection^ 
cloxial antibody 



Studies using Herceptin® in patiente with metastatic breast 
cancer show an increase in time to disease progressions, 
increased response irate, to chemptherapeutic ajgents aind a inaJIl 
increase in overall Survival rate. The flSH assays have not yea 
been approved fortius purpose, and studies loofcmg'ac ^respbnse 
to Herceptin^ in patients with or wJmpul gene amplification 
status determined by FISH aire in progress, 

M general, FISH and MC'results correlate well However, 
. subsets of tumors are found which show discordant results; 
i.e. f protein overexpression without gene amplification or lack 
of protein oyerexpressDOn witth gene amnlificatioa. The cltai- 
call significance of msch results ts unciear. Based oa t5ie above 
consJder^iows, HBR-2/neUj testing- at SHMOPAMLwJlJ uti* 
lize iiumiunoUstochemistry (Hex^ceplW 9 ) as a scseen, fol- 
lowed by FJSH in IH&negative cases. Alternatively, either 
method may be ordered individual^ depending on the clini- 
cal setting or clinician preference. 



august me 



(including interpretive report) 



2 °Ga«wRatesandRiaofY 
Cancer taststate, 1996, p. 120, 



88274 Molecular cytogenetics, interphase in sita hybrid- 

ise^c^ analyze 25-99 ceHs 
. 88291. Cytogenetics aid molecular cytogenetics, interpret 

fetf cm an<j report 

tobaunohistocheinistiy its performed usiog the FDA-approVed 
2)AKO antiboidy IA% Heirceptest^.-The DAK0 kin contains 
mgeuU xzqmsfcd tq complete a. two-step tamraohSsto- 

imb^> d t ^tilifco^y to Urismaa -MB^SA^sa ^B-oteasi,, SmU <ssaiploys ' 
ar©a«fy-«o^se dextranrbased vtoaBzstaa speagent* This ce- 
agent consists of both secondary goaft antJ-raSbfe anitibody • 
molecules with horseradish peroxidase 'molecules linked to a 



for seqoeadaJ applDcatioa o? th&. antibody and peroxidase 
■ conjugated antibody, l&iEymaaio coaversioEi of the subse- 
quent added' ^hs&mogen (results ha, formation of visible 
motion psodracfc at lEfe -antigen sH&Thsspedmesa is flhencoim- 
terstaflned; a pathologist using Ugh^mncsroscopy interpret . 

FISH analysis & SHMC/PAML is .performed usong the " 
FDA-apprbved Pa2hVysion™ HBR-2/neu DNA probe kit, pro- 
&cedby.Vysi^-lnc,Pi>imaKn fixed, paraffin-embedded breast 



sEdes'm tested tp aSJcw feybridteataa of BNA probes to the ' 



COHX- 

i ttwo diffecfcMbeled DHA probes, one specific fosr the 
alphoid repetitive ; 

2-H2 (specksm gJSeen), Enu- 
meration of the probes allows a ratio of she number of copies 
of chromosome 17 CO '(the number of 'copies of HER-2/neu to . 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of (the percentage 
of ceils with.HBR-2/neu gene amplification. The clinically 
sekvantt 'distinction is whether the' gene'amapKjiicataon is due 
to incr&u&ed gene" copy jnumbeir on the ttwo dwomososne 17 
homologies normally present or an increase nn the pnnber.of 
chromosome B7s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present awdtto what degree. Interpretation of this data wiil be 
perfbraedfeadl neported from the Vysis-certified Cytogenet~ 



W.L. : "Hainan bream Cancer: Correlation of relapse and survival wfth 
amplification of Aeto^u onco^ns^/Scieia^ 333:^77482, H9S? fc 
.Xtot WJU Gilchrist, EC.W^ ftiorris, CP, Samson, W&zvk, ILK 
"FISH detection -of HER-«fau oncogene amplification En early basea 
breast cancer. Breast Cancer Rea, And Tteataumi 39(2)^03-2 3 9$6. 

Pie©; M JT. Bernstein, U, Thotaaa, PA,* Mekfeer, Zfcca, Ma,, 
Y, Hone, G* Robbwoo, RJW Hanfo, CBl^aggfl^ A* Slomop, 
PhiUIpa, R.N., Ross, ^.Wolffian, F*oh\> KJ* ~He*a/ae«^eae 
amplifies tica characterized by fluorescence in situ hybridization: pocsr 
prognosis fa wrte-oegatte breast carcinomas*', j; Clinical OncoSogu 
05(8)6894.2904,1997. *" • - ** 



Provided for the clients of " 

Patkouoov associates Medical laboratories 
PacLab Network L a b o rato r re$ 

TRI-ClTlES LABORATORY 

treasure Valley Laboratory ■ 



? contact, 
your local mpwsentattoc 



© 1999 by Pathology Associates Medical Laboratories. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original . 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



